Integration of different methods for sustainable management of Fusarium wilt of tomato revealed that all the treatments were able to significantly reduce the disease severity over control. Among the treatments, the minimum disease severity was recorded in the T 3 treatment where treatment was given as seed treatment with T. harzianum + soil application of neem cake powder + foliar spray of carbendazim, representing the value 4.82, 8.23, 12.37 and 16.37 per cent against 10.75, 14.84, 20.00 and 25.75 per cent in case of control at 30, 45, 60 and 75 days age of plant, respectively. Integrated approach has also been able to increase shoot length as 27.00, 42.15, 54.98, and 65.07 cm at 30, 45, 60 and 75 days age of plant, respectively whereas in case of control it was 18.60, 25.70, 34.63 and 44.29. Similarly, fresh and dry shoot and root weight have also been found increased in case of integrated approaches. Biochemical analysis of the treated plants revealed that highest soluble protein and total phenol content is observed in T3 treatment (Seed treatment with T. harzianum + soil treatment with neem cake powder and foliar spray with carbendazim), showing 37.85, 36.78 and 35.76 mg/gm of fresh leave of protein and 2.40, 2.14 and 2.04 mg/gm of fresh leave of phenol at 30, 45 and 60 days age of plant. As per yield is concerned, it has found that the maximum yield was obtained per plant from the treatment given as seed treatment with T. harzianum + soil treatment with neem cake powder + foliar spray with carbendazim, showing the value of 500 g per plant which was followed by the treatment given as seed treatment with T. harzianum + soil treatment with neem cake powder + foliar spray with neem leaf extract showing 470 g per plant.
Introduction
Tomato (Lycopersicon esculentum L. Krust) belongs to family Solanaceae is the most valued vegetable crop in the world and known as protective food because of its special nutritive value and its widespread production. The largest area and production of tomato in the world is China which occupying 871235000 hectares with a production of 41879684000 tons. But highest productivity is come out from USA which is 81.0 ton/ha. In India, total production of tomato is 16826.0 thousand tons which comes from 865.0 thousand hectors of land (Source: Indian Horticulture database 2010-11). The maximum area and production of tomato in India is Andhra Pradesh which occupying 296300 hectares with a production of 5926200 tons, but highest productivity is found in Karnataka which is 34.30 tons/ha (Source: Indian Horticulture database 2010-11). The productivity of tomato in India is very low as compared to other countries of the world. One of the main constraints to tomato cultivation is disease which is caused by viruses, bacteria, nematodes, fungi etc. Among diseases, Fusarium wilt caused by Fusarium oxysporum f. sp. lycopersici Synder and Hansen, is the most important which causes serious economic loss in all tomato growing areas of the world. The management of the disease can be done through cultural practices (Katan, 1989) , use of resistant varieties Rodriguez et al., 2003) , chemical measures (Zindan et al., 2000) , biological control (Gnanamanikram, 2002; Myresiotis et al., 2012; Bansal et al., 2004) .
Other alternative methods of controlling the disease have to be explored biological control. In this context, Trichoderma harzianum, Trichoderma viride, C. globosum & Gliocladium virens have been exploited for management of diseases but biological control alone cannot manage the disease completely because a little fluctuation in temperature, pH, moisture, etc. largely affects the efficacy of bio-agent. The use of resistant variety is another important method which is reliable and cheap for management of plant disease but due to development of new races of the pathogen, the resistant variety becomes susceptible one.
Hence, the use of fungicides is the last and only method for plant disease management. But continuous use of fungicide may develop resistant strain of the pathogen which has also adverse effect of tomato fruits as well as human health. Since, all the methods have some limitations' no single method can manage the disease effectively. So an integration of available methods is mandatory for sustainable management of disease. Therefore, the study was undertaken in the present investigation.
Material and Methods

Preparation of Neem Leaves Extract
The fresh healthy neem leaves were collected from the University Campus. The leaves were washed in the distilled water and then dried by blotter paper. After washing, the big leaves were cut into small pieces. The leaves were then crushing in pestle and mortar by using distilled water at 1:5 ratios. The pulverized mass was squeezed through 3 folds of fine cotton cloth. The extract was then diluted in water at 1:5 ratios and used for spray as per treatment given below.
Seed Treatment
Tomato seeds of variety Azad T-6 were used to conduct the experiment. About 2 gm of tomato seeds were placed in each Petri plate containing spore suspension of T. harzianum@ concentration of spore 10 7 /ml. The seeds were kept in petriplates for overnight. After 24 hrs, the seeds were taken out from petriplate and were dried in shade. The treated seeds were used for conducting the present experiment.
Effects of Integrated Approach on Tomato Cultivation
The experiment was conducted in the glasshouse complex, Department of Plant Pathology, C. S. Azad University of Agriculture and Technology Kanpur. The tomato variety Azad T-6 were sown in the glasshouse in 45cm earthen pots, which was previously filled with a mixture of sandy loam and farm yard manure in the ratio of 2:1. The treatments were given as:
T 1 = Seed treatment with Trichoderma harzianum@4gm/kg of seed T 2 = Soil treament with neem kernel cake powder (NKCP)@7g/pot/plant T 3 = T 1 + T 2 + foliar spray of carbendazim @ 1gm/lit of water T 4 = T 1 + T 2 + foliar spray of Neem leaf extract@1:5 ratio (leaf extract : water) T 5 = T 1 + Foliar spray of Carbendazim@ 1gm/lit of water T 6 = T 1 + foliar spray of Neem leaf extract @ 1:5 ratio (leaf extract : water)
In each pot, 5 seeds were sown and watered regularly. Four replications per treatment and four pots were sown with untreated seeds served as control. Observations pertaining to effect of different treatments were recorded as per following parameters and days.
Root and Shoot Length
Shoot Length
Tomato seeds treated with T. harzianum were sown in earthen pots in the glasshouse and shoot length was measured 30, 45, 60, 75 days age of tomato plants with the help of scale.
Root Length
The root length tomato was measured at 90 days age of plant. Prior to measure the root lengths of tomato plants, pots were irrigated and the seedlings were up rooted carefully, roots of seedlings were separated from the shoots and washed with water to remove soil particles and then root length (cm) were measured with the help of scale.
Measurement of Disease Severity
The disease incidence was measure after 15 days of final spraying. The disease severity was recorded by 0-4 scale as described by Weitang et al., (2004) , where zero representing no infection and four denoting plants completely infected. Three replications were maintained for each treatment. The 0-4 scale of the disease severity was classified as follows:
1-Slight infection which is about 25% of full scale, one or two leaves became yellow.
2-Moderate infection, two or three leaves became yellow, 50% of leaves became wilted.
3 -Extensive infection, the all plant leaves became yellow, 75% of leaves become wilted, and growth is inhibited.
4 -complete infection, the whole plant leaves become yellow, 100% of leaves become wilted, and the plants die.
The percentage of disease incidence was determined using the formula given by Weitang et al. (2004)   ( scale number of plants infected) disease incidence (%) = 100 highest scale total number of plants
Ninety days after transplanting, the shoots and roots of tomato plant were weighted on an electronic balance and the data was recorded as mg.
Dry Weight
The fresh plant sample of ninety days after transplanting being collected and then shoots and roots were dried in an oven at 70 ºC until constant weight. It was then weighted on an electronic balance and the data was recorded as mg.
Biochemical Analysis of Tomato Plant
Analysis of biochemical changes in tomato plant due to integration of different methods was carried out to determine the change in biomolecules like soluble protein and phenol at 21, 42 and 63 days age of tomato plant.
Estimation of Total Phenols
The accumulation of phenols in tomato plant grown in glass house complex was estimated at 21, 42 and 63 days age of plant following the procedure developed by Bray and Thorpe (1954) with slight modification. In this method, the total phenols estimation was carried out with Folin-Ciocalteu reagent (FCR), which was measured at 650 nm calorimetrically.
Exactly, 1.0 g of tomato leaves were ground in a pestle and mortar along with 80% ethanol (1: 10 w/v). It was then centrifuged at 10,000 rpm for 30 minutes at room temperature in order to homogenate the suspension. Supernatant was separated and re-extracted with 5 times volume of 80% ethanol, centrifuged and the supernatant were pooled. It was then evaporated near to dryness and residues were dissolved in 5 ml of distilled water. Different aliquots were pipette out into test tubes and the volume in each tube was made to 3 ml with distilled water. A test tube with 3 ml distilled water served as blank. Subsequently, 0.5 ml of FCR was added and after three minutes, 2 ml of 20% Na 2 CO 3 solution was thoroughly mixed in each tube. After that the tubes were placed in boiling water for 1 min and then cooled at room temperature. Then absorbance at 650 nm against blank was measured using Ultra Violet Visible (UV-VIS) spectrophotometer and the standard curve using different Vol. 4, No. 1; 2015 concentration of catechol was prepared. From the standard curve the concentration of phenols in the test sample was determined and expressed as mg/g of sample materials.
Estimation of Total Soluble Protein
Protein Extraction
Tomato leaves were harvested from plants at 21, 42 and 63 days age of plant and then washed with distilled water several times and blotter dried. A quantity of 1.0 gm of each sample was cut into small pieces and ground in pestle and mortar using alkaline copper as extraction buffer. The concentration was kept 1: 5 (w/ v). Alkaline copper solution was prepared by mixing 20% sodium carbonate in 0.1 N NaOH and 0.5% copper sulphate in sodium potassium tartrate. The suspension was centrifuged at 10,000 rpm for 30 minutes at 4 ºC. The supernatant was collected and used for quantification of protein.
Quantification of Protein
The method developed by Lowry et al. (1951) was used with slight modification for quantification of the total soluble protein content. Different aliquots of working standard solution of Bovine Serum Albumin were pipette out into a series of test tubes. Similarly, same volumes of sample extracts were also pipette out and kept in other test tubes separately. Then volume in all the tubes was made up to 1 ml with distilled water. A tube with 1 ml of distilled water served as a blank. Later on, 5 ml of alkaline copper solution was added in each test tube and incubated at room temperature for 10 min. Thereafter, 0.5 ml of FCR was mixed well and incubated at room temperature for 30 min in dark place. The absorbance at 660 nm against the blank was read. The standard graph of BSA was drawn to calculate the amount of soluble protein in different samples. Protein estimated was represented as mg/g of fresh leaf samples.
Yield/Plant
The edible fruits were harvested twice a week from each selected plant and weighted with the help of physical balance. The total weight of all picking was recorded after adding weight of fruits at each picking.
Results and Discussion
Disease Severity
The data presented in Table 1 found that all the treatments were able to significantly reduce the disease severity over control at 30, 45, 60 and 75 days age of plant. Among the treatments, the minimum disease severity was recorded in the T 3 treatment where treatment was given as seed treatment with T. harzianum + soil application of neem cake powder + foliar spray of carbendazim, representing the value 4.82, 8.23, 12.37 and 16.37 per cent at 30, 45, 60 and 75 days age of plant, respectively. Mukhopadhyay, (1987) . Myresiotis et al. (2012) reported that when bacilli PGPR strains were combined with pesticides, there was an increased suppression of F. o.f. sp. radicis-lycopersici (Forl) on tomato plants, and thus they may prove to be important components in FCRR integrated management. Someya et al. (2006) reported that combined application of benomyl with Pseudomonas fluorescens strain LRB3W1was more effective than treatment with the bacterium alone for management of tomato wilt.
Shoot Length
The data presented in the Table 2 showed that all the treatments were able to significantly increased shoot length over control at 30, 45, 60 and 75 days age of plant. Among the treatments, the maximum shoot length was recorded in the T 3 treatment (seed treatment with T. harzianum + soil application of neem cake powder + foliar spray of carbendazim), representing 27.00 , 42. also showed that all the treatments were able to increase shoot length over control. Datnoff et al. (1995) found that Trichoderma spp. stimulate the growth of tomato plants. Growth promoting effect of bioagents has also been reported by several workers (Biswas et al., 2000 , Kumawat et al., 2010 , Rajik et al., 2012 , Sen, 1999 .
Mondal et al. (1999) also used two metabolites isolated from
Aspergillus niger AN27, a bio-control agent, and identified as maleic acid (compound I) and 2-methylene-3-hexylbutanedioic acid (compound 2) and found that both the compounds increased germination and improved crop vigor. They also found that Compound I was more effective for increase in germination and shoot length, whereas compound 2 had relatively greater role in increasing the root length and biomass of cauliflower seedlings. 
Root Length
Ninety days after sowing, the tomato plant was uprooted and the root length was measured separately by using measuring scale. The data presented in the Table 3 found that the maximum root length was recorded in the T 3 treatment where seed was treated with T.harzianum + soil treatment with neem cake powder + foliar spray of carbendazim showing the value of 19.11 cm which was followed by T 4 treatment, comprising of seed treatment with T.harzianum + soil treatment with neem cake powder + foliar spray with neem leaf extract with the value of 18.40 cm. Among the treatments, the minimum root length was found in T 2 treatment with the value of 13.50 cm where only neem cake powder was given as soil treatment. From the table, it is also cleared that all the treatments were able to increase root length over control. Shanmugaiah et al. (2009) reported that T. viride was found to be more effective than P. fluroescens on shoot and root length elongation and enhanced seed germination.
Fresh and Dry Shoot Weight
Fresh shoots of tomato plant were weighted on an electronic balance and the data presented in the Table 3 showed that all the treatments were able to increase the fresh shoot weight of tomato over control. The maximum fresh shoot weight was recorded in combination of seed treatment with T. harzianum+ soil treatment with neem cake powder + foliar spray of carbendazim, representing 40.50 g against 29.50 g in case of control. The combined effect of treated with T. harzianum + soil treatment with neem cake powder + foliar spray of neem leaf extract was showing 38.80 g fresh weight at 90 days age of plant which is the second highest among the treatments.
As per dry shoot weight is enhanced, it has found that the maximum dry shoot weight (9.03 g) was recorded in T 3 treatment (seed treatment with T. harzianum +soil treatment with neem cake powder + foliar spray with carbendazim) followed by T 4 treatment (seed treatment with T. harzianum+ soil treatment with neem cake powder + foliar spray with neem leaf extract) showing 8.6 g dry weight at 90 days age of plant (Table 3) . T 5 (seed treatment with T. harzianum+ foliar spray with carbendazim) and T 6 (seed treatment with T. harzianum+ foliar spray with neem leaves extract) treatments were showing 7.9 g and 6.00 g in dry shoot weight, respectively. Alwathnani and Kahkashan (2012) reported that seed treatment with bioagents (Aspergillus niger, Penicillium citrinum, Penicillium sp. and Trichoderma harzianum) significantly increased plant height , fresh weight and dry weight of plant. They also found that increased content of chlorophyll and decrease the disease severity of Fusarium wilt in all treated plant. Ozbay and Newman (2004) also reported that seeling treated with T. harzianum increases seedling emergence, number of true leaves, fresh and dry weights of roots and shoots, stem caliper and shoot height. Sundaramoorthy and Balabaskar (2013) also observed that tomato plants treated with T. harzianum (ANR-1) stimulate plant height by 73.62 cm and increased the dry weight by 288.38 g in comparison to untreated control. 
Fresh and Dry Root Weight
Similarly, fresh roots of tomato plant were also weighed on an electronic balance and the data represented in the Table 3 showed that all the treatments were able to increase the fresh root weight of tomato plant over control. The maximum fresh root weight was recorded in combine treatment of seed treatment with T. harzianum + soil treatment with neem cake powder + foliar spray with carbendazim, representing 10.50 g against control as 3.50 g. The treatment comprises of seed treatment with T. harzianum + soil treatment with neem cake powder + foliar spray of neem leaf extract was showing 9.80 g fresh root weight at 90 days age of plant which is the second highest among the treatment.
On the other hand, dry shoot weight of tomato showed that the maximum dry root weight (3.59 g) was recorded in T 3 treatment (seed treatment with T. harzianum + soil treatment with neem cake powder + foliar spray with carbendazim) followed by T 4 treatment (seed treatment with T. harzianum + neem cake powder + foliar spray with neem leaf extract) showing 3.40 g dry root weight at 90 days age of plant. T 5 (seed treatment with T. harzianum + foliar spray with carbendazim) and T 6 treatment (seed treatment with T. harzianum+ foliar spray with neem leaves extract ) were showing 3.00 g and 2.70 g dry root weight, respectively. Shanmugaiah et al. (2009) observed cotton seeds treated with T. viride increased seed germination, root and shoot length, fresh and dry weight and vigour index over control. Bombiti Nzanza et al. (2011) studied on biomass production in 6-week old tomato seedlings as influenced by T. harzianum and Arbuscular mycorrhizal fungi (AMF). Chandanie et al. (2009) demonstrated that, the combined inoculation of AMF with Trichoderma synergistically increased dry shoot mass when compared with inoculation of Trichoderma and AMF alone.
Biochemical Changes in Plant Due to Adaptation of Integrated Approach
To evaluate the biochemical changes associated with adaptation of integrated approach, the leaves of the treated plants were used. The total soluble protein and total phenol content of the seedling were estimated. The results obtained are shown in Table 4 .
Soluble Proteins and Total Phenol Content
The result presented in the Table 4 shows that all treatments are significantly increased the total soluble protein content in tomato plant as compared to control. The highest soluble protein content is observed in T3 treatment (Seed treatment with T. harzianum + soil treatment with neem cake powder and foliar spray with carbendazim), showing 37.85, 36.78 and 35.76 mg/gm of fresh leave at 30, 45 and 60 days age of plant, which was followed by T4 treatment (Seed treatment with T. harzianum + soil treatment with neem cake powder and foliar spray with neem leaf extract), representing 36.38, 35.94 and 35.25 mg/gm of fresh leave at 30, 45 and 60 days age of plant. Similarly increase content of total phenol was also found in case of seed treatment with T. harzianum + soil treatment with neem cake powder and foliar spray with carbendazim, representing 2.40, 2.14 and 2.04 mg/ gm of fresh leave at 30, 45 and 60 days age of plant. Among the treatment, minimum phenol content was found in T 1 treatment where only seed was treated with T. harzianum. From the table it is also clear that the maximum amount of both soluble protein and total phenol content were found at 30 days age of plant and after that it was gradually decrease, indicating soluble protein and total phenol content were inversely proportionate with age of the plant.
The finding from the Table 1 revealed that disease severity continuously increase with age of the plant whereas, from the Table 4 , it has found that soluble protein and total phenol content were decreases with age of the plant. Therefore it may be concluded from both the tables that increase content of total soluble protein and phenol content in plant decreases the disease severity. Accumulation of soluble proteins and total phenols are considered the expression of defence response in plants (Matern & Kneusal, 1988 , Arzoo et al., 2012 . Vidyasekaran (1974) reported enhanced quantity of phenols in ragi plants resistant to Helminthosorium tetramera. Boller (1985) reported association of protein with plant defence against fungi and bacteria. Biswas et al. (2003) also reported that some new proteins were associated with resistance to Bipolaris sorokiniana induced by crude extracts of Chaetomium globosum. Phenols are involved in disease resistance in many ways like hypersensitive cell death or lignifications of cell walls or increased content of phenol (Nicholson and Hammerschimdt, 1992; Adesh, 2010; Kumawat, 2008 
Yield
The fruit of tomato were harvested and the yield was separately weighted for each treatment (Table 3 ). It has found that the maximum yield was recorded per plant in T 3 treatment where treatment was given as seed treatment with T. harzianum + soil treatment with neem cake powder + foliar spray with carbendazim. The T 4 treatment as combination of seed treatment with T. harzianum + soil treatment with neem cake powder + foliar spray with neem leaf extract showing 470 g per plant representing second highest among the treatments. The T 5 (seed treatment with T. harzianum + foliar spray with carbendazim) and T6 (seed treatment with T. harzianum + foliar spray with neem leaves extract) treatments represented 440, 420 g per plant, respectively. From the table, it is cleared that all treatments significantly increased tomato yield over control. Surulirajan and Kandhaari (2003) found that the integrated approach lower down the disease incidence of rice sheath blight and increase rice yield. Agilogba and babalola (2013) reported that the integration of plant-growth-promoting rhizobacteria, acibenzolar-S-methyl and hymexazol for control of Fusarium crown and root rot on tomato. Biswas et al. (2009) also found that seed treatment with streptocycline (100 ppm) and foliar spray with streptocycline in combination of copper oxychloride (100 ppm + 500 ppm) gave the best management strategies for management of bacterial leaf blight and also increase higher yield. Biswas et al. (2008) also reported that seed treatment with T. harzianum and foliar spray with fungicides is one of the best strategies to manage brown spot and sheath blight of paddy and also increase higher yield.
